Purpose To evaluate the long-term results of slanted medial rectus (MR) resection for intermittent exotropia (X(T)) of the convergence insufficiency type. Methods In all, 10 patients with an X(T) greater at near than at distance by 10 prism diopters (PD) or more were included in this prospective study. Patients received slanted bilateral MR resection. The upper edge of the MR was resected according to the distance exodeviation and the lower edge of the MR was resected according to near exodeviation. The postoperative follow-up period was between 6 and 62 months with a mean of 38.9 months. The paired t-test was used to compare: mean distance angle of deviation preoperatively and postoperatively; mean near angle of deviation preoperatively and postoperatively; and mean near-distance exodeviation difference preoperatively and postoperatively. Results Bilateral slanted MR resections reduced mean exodeviation at distance from 23.077.2 to 16.375.4 PD (P ¼ 0.03); mean exodeviation at near from 34.377.7 to 24.676.9 PD (P ¼ 0.01); and mean near-distance difference from 11.472.6 to 8.373.5 PD (P ¼ 0.04). At the final follow-up examination, all patients demonstrated an exodeviation of 10 PD or more at distance and near, and the exodeviation difference between distance and near deviation was within 10 PD in five of the 10 patients. Three patients had an esodeviation at distance after surgery, but all resolved within 4 weeks. Conclusions Bilateral slanted MR resections in patients with X(T) of the convergence insufficiency type resulted in undercorrection in all patients.
Introduction
The convergence insufficiency type of intermittent exotropia (X(T)) is characterized by a greater exodeviation measured at near than at distance of usually 10 prism diopters (PD) or more. [1] [2] [3] [4] Reported symptoms include headache, diplopia, asthenopia, and reading problems. 5 In mild cases, symptom may be amenable to nonsurgical means such as orthoptic treatment, prisms, plus lens, or psychotherapy. 5, 6 However, some patients with constant deviation, that is, too large at distance or at near, do not respond to any combination of nonsurgical treatments, and may require surgical treatment to relieve symptoms. 7 The surgical procedures recommended for this form of X(T) include bilateral lateral rectus (LR) recession using a slanting procedure, bilateral medial rectus (MR) resection using a slanting procedure, or MR resection(s) with an adjustable suture. 1, 2, [7] [8] [9] [10] [11] [12] Surgical success rates have been reported to vary between 18 and 92%. 1, 2, [7] [8] [9] [10] [11] [12] Nemet and Stolovitch 8 adopted slanted procedures for bilateral MR resection in three patients. Slanted MR resection shortens and tautens MR muscle lower fibres for near vision, and good surgical results have been reported over a year of follow-up. 8 Biedner 9 also performed single slanted MR resection in three patients with convergence insufficiency. All patients showed a postoperative alignment within 10 PD in all field gazes without diplopia. However, they only included three patients in each study, and five of their six patients had low degree of preoperative exodeviation, that is, within 10 PD at distance. 8, 9 No other prospective study has evaluated the surgical success rates of slanted MR resection for X(T) of the convergence insufficiency type. Thus, we undertook this prospective study to evaluate the long-term treatment results of slanted resection of bilateral MR in X(T) with convergence insufficiency.
Methods
In this prospective study, we treated 10 patients for X(T) of the convergence insufficiency type. All patients had an X(T) greater at near than at distance by 10 PD or more, and this had been confirmed by repeated examinations at intervals of at least 1 month. No patient with previous ocular or extraocular muscle surgery, ocular or neurologic pathologic conditions, amblyopia, or a postoperative follow-up of o6 months was included in this study.
The patients ranged in age from 5 to 17 years (mean, 10.3 years), and the mean length of follow-up was 38.9 months (range, 12-62 months). The symptoms of convergence insufficiency type X(T) were cosmetic in nine cases and diplopia in one (Case No. 6). Push-up training was attempted to build convergence fusional amplitude, but no change in the angle of deviation or symptoms occurred. A base-in prism was used unsuccessfully in Case No. 6 to remove diplopia. Table 1 itemizes patient data, that is, age, sex, preoperative deviations, binocularity, surgeries performed, and postoperative alignments and binocularity at the last follow-up. All patients underwent full ophthalmologic and orthoptic evaluations.
Deviations were measured using prism and alternating cover tests, while patients fixated on accommodation controlling targets at 6 and 1 3 m. An additional near measurement was obtained 1 h after monocular occlusion of the habitually deviating eye. All measurements were performed with normal optical correction in place, if prescribed. Myopia 41.00 D, astigmatism 41.50 D, and hyperopia 43.00 D were usually treated with glasses that fully corrected myopia or astigmatism, and cycloplegic hyperopic refraction to 1.00-1.50 D less than full before a final surgical decision was made.
Abnormalities in duction and version were checked and graded on a scale of 0 (normal) to À4 (inability to move into the field of action). Stereopsis was evaluated using the Titmus stereotest at near and fusion, using the Worth four-dot test. Surgery was recommended if manifest tropia was present more than 50% of the time as determined either by ocular examinations or if there was a deterioration of exotropia in terms of frequency or magnitude. We explained to parents before operation that alternate patching or prism therapy would be required in cases of postoperative overcorrection at distance and/or at near.
Slanted bilateral MR resection was performed in all patients. The upper edge of the MR was resected according to the distance exodeviation and the lower edge of the MR was resected according to near exodeviation after a suture had been threaded obliquely with bias across the muscle (Figure 1, upper) . Thus, the lower edge was resected more than the upper edge. Following resection, the MR was reattached at its original insertion (Figure 1, lower) .
Postoperative follow-up intervals were determined according to patient status, but examinations were usually scheduled at 1 day, 1 week, and at 1, 3, 6, and 12 months after surgery, and annually thereafter. Postoperatively, alternate patching was performed in cases that manifested a consecutive esotropia with diplopia at distance and/or near. Alternate patching was discontinued when a patient maintained single binocular vision.
A successful outcome was defined as a postoperative residual deviation at near and distancer10 PD and a near-distance exodeviation differencer10 PD.
The paired t-test was used to compare: mean distance angle of deviation preoperatively and postoperatively; mean near angle of deviation preoperatively and postoperatively; and mean near-distance exodeviation difference preoperatively and postoperatively. In addition, mean postoperative deviated angles at each scheduled follow-up were calculated and compared using the paired t-test. Microsoft Excel (version 5.00, 2002) was used for all statistical calculations.
The impact of slanted resection on the collapse of neardistance difference was calculated, specifically, the mean near-distance difference of exodeviation before and after surgery was divided by the mean amount of slanted resection, which was defined as the mean difference between the upper and lower poles of the slanted resection.
Results
The postoperative alignments and binocularity at the last follow-up visit, and the duration of follow-up for the 10 patients are listed in Table 1 . Before surgery, the mean exodeviation at distance was 23.0 PD (range, 15-40 PD) and at near, 34.3 PD (range, 25-50 PD). At the last followup, the mean exodeviation at distance was 16.3 PD (range, 10-25 PD) and at near, 24.6 PD (range, 14-35 PD). Thus, significant postoperative reductions were achieved in exodeviation at distance (P ¼ 0.029), as well as at near (P ¼ 0.009). Near-distance differences were reduced from a preoperative mean of 11.4 PD (range, 10-18 PD) to a postoperative mean of 8.3 PD (range, 5-15 PD), which was statistically significant (P ¼ 0.039).
On postoperative day 1, no patient showed duction limitation in the operated eye or a torsional problem. However, five of the 10 patients (50%) had esodeviations at distance and/or at near ranging from 4 to 25 PD. Two patients with esodeviations of 4 and 6 PD, respectively, at distance had no diplopia. Others (n ¼ 3) with diplopia performed alternate patching. Two of these three patients resolved at 1 and 2 weeks postoperatively. One patient (No. 10) had 25 PD of esotropia at distance and 15 PD at near with diplopia on postoperative day 1. This patient was able to discontinue alternate patching 1 month after the operation.
The greatest amounts of exodrift observed during the postoperative 6-month period are shown in Table 2 . Thereafter, no statistical significance was found between mean deviated angles at far or near.
At the final follow-up examination, no patient met the criteria of surgical success; all had recurrent exotropia. However, near-distance differences had collapsed in four of the 10 patients. A 1-mm difference between the upper and lower poles of the bimedial recti slanted resection reduced near-distance difference by 2.0 PD. Stereopsis at near was improved postoperatively rather than preoperatively in six patients. One of six patients who preoperatively lost fusional ability achieved fusion at distance or at near postoperatively.
Discussion
Exotropia with convergence insufficiency is less frequent than other forms of exodeviation. 3, 4 Several surgical procedures in this type of exotropia have been modified because results were unsatisfactory in exotropia with convergence insufficiency.
1,2,7-12 Kraft et al 1 described a technique wherein monocular strengthening of MR resection exceeds the LR weakening. In all patients, near deviation was corrected and near-distance difference was significantly reduced. However, adjustable surgery was performed in five of 14 patients in their study, and thus the results obtained are subject to adjustable surgery-associated bias.
The results of slanted MR resection have been retrospectively studied in only six patients with convergence insufficiency type exotropia in the literature. 8, 9 All six patients showed postoperative alignment within 10 PD in all field gazes without diplopia. In contrast, no patient was treated successfully in the present study. This difference could be due to several factors. First, preoperative deviated angle degree may have affect surgical results. In the previous reports, patients had 2-10 PD of exophoria at distance, 8, 9 whereas in the present study, the minimal angle of exotropia was 15 PD at distance with a mean of 23 PD. Second, it has been reported that X(T) shows a strong tendency to recur and drift into permanent exotropia with time after surgery. [13] [14] [15] [16] [17] [18] Postoperative success rates as quoted by previous reports vary from 41 to 95%, which may be explained by different follow-up periods. A general drift in postoperative alignment with time was also demonstrated by the present study (Table 2) ; moreover, the follow-up period of the present study was much longer than of previous reports. 8, 9 Third, Choi et al 7 stated that the effect of slanting, as predicted by mathematical models, is negligible and that muscle fibres probably rearrange themselves to negate any effect of slanting.
Snir et al 2 concluded that slanted recession of the LR was superior to standard recession at reducing both distance and near exodeviation and at collapsing neardistance differences. They found that a 1-mm difference between upper and lower poles of the slanted recession reduced the near-distance difference by 4.6 PD. To date, no study has calculated the impact of slanted resection on collapse of near-distance differences, with the exception of the present study. On comparing the data of Snir et al 2 with that of the present study, it appears that the slanted MR procedure may be less effective than the slanted LR recession procedure at reducing near exodeviation and collapsing near-distance differences. These results suggest that the amount of slanting in the present study may be too small to correct the neardistance differences successfully and there still remains a possibility for an increased slanting to make any significant difference. The relatively short (12 months) duration of follow-up in their study may be one of cause of these surgical result differences (39 months). Therefore, a controlled comparison between slanted LR recession and slanted MR resection is probably warranted.
No report has been issued to date about postoperative torsion or A or V phenomenon associated with the slanted procedure. 2, 8, 9, 19, 20 In a study on A-V pattern strabismus by Boyd et al, 19 each 1 mm of slanting recession or resection of the muscle margins produced a horizontal deviation change of 3 PD between up and down gaze. Only 1-2 mm slanting procedure in the present study resulted in no postoperative A or V phenomenon.
Several authors have reported on postoperative diplopia in convergence insufficiency exotropia. Hermann 10 reported on 14 patients treated by bilateral MR resection. Fresnel prisms were used postoperatively in all of these patients, and time to esotropia and diplopia resolution at distance averaged 2.7 months. von Noorden 11 reported on six patients who received bilateral MR resections; Fresnel prisms were required to treat diplopia at distance in five patients for 5 weeks, and in one patient for 5 months. Choi et al 7 performed unilateral or bilateral MR resection(s) with an adjustable suture and target angles of 10-20 PD esotropia at distance and 5-10 PD esotropia at near; postoperatively Fresnel prisms were used in 14 of their 21 cases. Of the 14 cases, 11 were able to discontinue prism use at 3 months after surgery, whereas the other three cases required prisms for 6 months or over. However, although the above reports address postoperative diplopia frequency, they make no mention of postoperative esotropia for slanted MR resection in convergence insufficiency type X(T). 8, 9 Nemet and Stolovitch 8 described that esotropia at distance tends to diminish and disappear with time, and that it ultimately results in convergence insufficiency recurrence. The present study also demonstrated that postoperative esotropia or diplopia was short-lived (less than 4 weeks) and that the postoperative angle had tendency to exodrift with time.
In conclusion, although slanted bilateral MR resection has little risk of creating long-term postoperative esodeviation at distance in X(T) with near-distance exodeviation differences of 410 PD, this method shows unsatisfactory results in terms of reducing exodeviation and collapsing near-distance differences after long-term follow-up.
